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Description 

[0001] This Invention relates generally to an appara- 
tus for the treatment and ablation of body masses, such 
as tumors, and more particularly, to a retractable multl- s 
pie needle electrode apparatus that surrounds an exte- 
rior of a tumor with a plurality of needle electrodes and 
defines an ablative volume. 

[0002] Cunent open procedures for treatment of tu- 
mors are extremely disruptive and cause a great deal of 
damage to healthy tissue. During the surgical proce- 
dure, the physician must exercise care in not cutting the 
tumor in a manor that creates seeding of the tumor, re- 
sulting in metastasis. In recent years development of 
products has been directed with an emphasis on mini- 
mizing the traumatic nature of traditional surgical proce- 
dures. 

[0003] There has been a relatively significant amount 
of activity in the area of hyperthennia as a tool for treat- 
ment of tumors. It is known that elevating the tempera- 
ture of tumors is helpful in the treatment and manage- 
ment of cancerous tissues. The mechanisms of selec- 
tive cancer cell eradication by hyperthemiia are not 
completely understood. However, four cellular effects of 
hyperthermia on cancerous tissue have been proposed, 
(i) changes in cell or nuclear membrane permeability or 
fluidity, (ii) cytoplasmic tysomal disintegration, causing 
release of digestive enzymes, (111) protein themial dam- 
age affecting cell respiration and the synthesis of DNA 
or RNA and (iv) potential excitation of immunologic sys- 
tems. Treatment methods for applying heat to tumors 
include the use of direct contact radio-frequency (RF) 
applicators, microwave radiation, Inductively coupled 
RF fields, ultrasound, and a variety of simple thermal 
conduction techniques. 

[0004] Among the problems associated with all of 
these procedures is the requirement that highly local- 
ized heat be produced at depths of several centimeters 
beneath the surface of the body. Certain techniques 
have been developed with microwave radiation and ul- 
trasound to focus energy at various desired depths. RF 
applications may be used at depth during surgery. How- 
ever, the extent of localization is generally poor, with the 
result that healthy tissue may be hamned. 
[0005] Induction heating gives rise to poor localization 
of the incident energy as well. Although induction heat- 
ing may be achieved by placing an antenna on the sur- 
face of the body, superf icial eddy currents are generated 
in the immediate vicinity of the antenna. When It is driven 
using RF current unwanted surface heating occurs di- 
minishing heating to the underlying tissue. 
[0006] Thus, non-invasive procedures for providing 
heat to internal tumors have had difficulties in achieving 
substantial specific and selective treatment. 
[0007] Hyperthennia, which can be produced from an 
RF or microwave source, applies heat to tissue but does 
not exceed 45 degrees C so that normal cells survive. 
In themnotherapy, heat energy of greater than 45 de- 



grees C is applied, resulting in histological damage, des- 
iccation and the denaturization of proteins. Hyperther- 
mia has been applied more recently for therapy of ma- 
lignant tumors. In hyperthermia, it is desirable to induce 
a state of hyperthennia that is localized by Interstitial 
cunent heating to a specific area while concurrently in- 
suring minimum thennal damage to healthy sunDundIng 
tissue. Often, the tumor Is located subcutaneously and 
addressing the tumor requires either surgery, endo- 
scopic procedures or external radiation. It is difficult to 
externally induce hyperthermia in deep body tissue be- 
cause current density is diluted due to its absorption by 
healthy tissue. Additionally, a portion of the RF energy 
is reflected at the muscle/fat and bone interfaces which 
adds to the problem of depositing a known quantity of 
energy directly on a small tumor. 
[0008] Attempts to use interstitial local hyperthermia 
have not proven to be very successful. Results have of- 
ten produced nonunifonn temperatures throughout the 
tumor. It is believed that tumor mass reduction by hyper- 
thermia is related the thennal dose. Thennal dose is the 
minimum effective temperature applied throughout the 
tumor mass for a defined period of time. Because blood 
flow is the major mechanism of heat loss for tumors be- 
ing heated, and blood flow varies throughout the tumor, 
more even heating of tumor tissue is needed to ensure 
more effective treatment. 

[0009] The same Is true for ablation of the tumor itself 
through the use of RF energy. Different methods have 
been utilized for the RF ablation of masses such as tu- 
mors. Instead of heating the tumor it is ablated through 
the application of energy. This process has been difficult 
to achieve due to a variety of factors including, (i) posi- 
tioning of the RF ablation electrodes to effectively ablate 
all of the mass, (il) introduction of the RF ablation elec- 
trodes to the tumor site and (iii) controlled delivery and 
monitoring of RF energy to achieve successful ablation 
without damage to non -tumor tissue. 
[0010] There have been a number of different treat- 
ment methods and devices for minimally Invasively 
treating tumors. One such example is an endoscope 
that produces RF hyperthermia in tumors, as disclosed 
in U.S. Patent No. 4,920,978. A microwave endoscope 
device is described In U.S. Patent No. 4,409,993. In U. 
S. Patent No. 4,920,978, an endoscope for RF hyper- 
thennia is disclosed. 

[0011] In U.S. Patent No, 4,763.671, a minimally in- 
vasive procedure utilizes two catheters that are inserted 
interstltially Into the tumor. The catheters are placed 
within the tumor volume and each is connect to a high 
frequency power source. 

[0012] In U.S. Patent No. 4,565,200, an electrode 
system is described in which a single entrance tract can- 
nula is used to Introduce an electrode Into a selected 
body site. 

[0013] The medical probe device described in WO-A- 
94-04220 comprises a catheter for Insertion in an orifice 
in a body and has a stylet guide housing with one or 
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more stylet ports in a side wall thereof and a stytet guide 
for directing a flexible stytet outwards through a stylet 
port and through intervening tissue at a preselected ad- 
justable angle to a target tissue. The catheter assembly 
includes a stylet guide lumen communicating with the 
stylet port and a stylet positioned in the stylet guide lu- 
men for longitudinal movement from the port through an 
intervening tissue to a target tissue. The stylet can be 
an electrical conductor enclosed within a non-conduc- 
tive layer, the electrical conductor being a radio frequen- 
cy electrode. 

(0014] Gennan Gebrauchsmuster, DE-U-8909492 
describes an Interocular phacofragmentation device 
having a pair of gripping amns insertabie through a cor- 
nea. Through the action of high-frequency current via 
the gripper anns, denaturatton of proteins in the lens nu- 
cleus is achieved. The gripper amris also enable the nu- 
cleus of the lens, which is too hard for ultrasonic frag- 
mentation, to be crushed during rearward movement of 
those amis. The gripper arms are extended from a guide 
sleeve which is held adjacent the exterior surface of the 
cornea. 

[001 5] According to page 1 of Gennan published pat- 
ent application DE-A-2, 124,684, this document de- 
scribes an insertion electrode for biomedical uses which 
enables larger objects such as electrodes or massaging 
heads to be inserted into body tissue or body cavities. 
According to page 3, the electrodes can be f onrted from, 
for example, wires, conductive gasses and conductive 
fluids. According to page 4, the wires can be fonned as 
tubes so that the f iuids and gasses can be passed there- 
through. The only uses of the electrodes mentioned on 
page 3 are as antennae, heating for shortwave therapy, 
and cauterization, as well as operation instruments, for 
ionophoresis, or cascade ionophoresis, for the destruc- 
tion of tumours and finally for mechanical vibrators for 
loosening of tissue and the destruction of tumours. 
[0016] To be an effective treatment device for a tu- 
mour, electrodes must be properly positioned relative to 
the tumour. After the electrodes are positioned, it is then 
desirable to have controlied application and deposition 
of RF energy to ablate the tumour. This reduces destruc- 
tion of healthy tissue. 

[0017] Accordingly an aim of the invention is to pro- 
vide an RF tissue ablation apparatus which ablates a 
desired tissue site, such as a tumour, in a minimally in- 
vasive manner. 

[0018] According to the present invention, there is 
provided an ablation apparatus comprising an elongate 
delivery device including a lumen and an energy deliv- 
ery device, the energy delivery device including; a plu- 
rality of RF electrodes, each with a tissue piercing distal 
portion; and an RF electrode advancement member po- 
sitionabte within the lumen and coupled to the RF elec- 
trodes, the RF electrode advancement member being 
configured to advance the RF electrodes through tissue; 
the RF electrodes being positioned in the enlongate de- 
livery device in a retracted state and being operable to 



deploy from the disatmost end of the elongate delivery 
device with curvature when advanced from the distal- 
most end of the elongate delivery device to a deployed 
state, and where the deployed electrodes are operable 
5 to create a defined ablation volume surrounding a tissue 
mass located distal of the distal end of the delivery de- 
vice. Preferred embodiments are claimed in the depend- 
ent claims. 

[0019] An embodiment of the invention can provide 
10 an RF tissue ablation apparatus which includes a plu- 
rality of electrodes that are retractable to and from a de- 
livery catheter. The electrodes are at least partially po- 
sitioned in the delivery catheter In a non-deployed state, 
and become distended in a deployed state when ad- 
15 vanced out a distal end of the delivery catheter, defining 
the ablation volume. 

[0020] An embodiment of the invention can provide 
an RF tissue ablation apparatus with deployed elec- 
trodes having a first section with a first radius of curva- 
20 ture, and a second section , that extends beyond the first 
section, having a second radius of curvature or a sub- 
stantially linear geometry. 

[0021] An embodiment of the invention can also pro- 
vide an RF tissue ablation apparatus with deployed 
25 electrodes with two or more radii of curvature, for exam- 
ple with at least one radii of curvature in two or more 
planes. 

[0022] In an embodiment of the Invention an RF tissue 
ablation apparatus with at least one deployed elec- 
30 trodes can have one curved section located near a distal • 
end of the delivery catheter and a non-curved section 
extending beyond the curved section of the deployed 
electrode. 

[0023] Alternatively, or in addition, the tissue ablation * 

35 apparatus can include a deployed electrode with at least 
one curved section located near a distal end of a delivery 
catheter, and a non-curved section which extends be- 
yond the curved section of the deployed electrode. 
[0024] In a particular embodiment, a tissue ablation 

40 apparatus includes a delivery catheter, with distal and 
proximal ends. A handle is attached to the proximal end 
of the delivery catheter. It includes a plurality of elec- 
trodes that are retractable In and out of the catheter's 
distal end. The electrodes are in a non-deployed state 

45 when they are positioned within the delivery catheter. 
As they are advanced out the distal end of the catheter 
they become deployed, and define an ablation volume. 
Each electrode has a first section with a first radius of 
curvature, and a second section, extending beyond the 

50 first section, having a second radius of curvature or a 
substantially linear geometry. 
[0025] Alternatively, each deployed electrode can 
have at least two radii of curvature that arefomned when 
the needle is advanced through the delivery catheter's 

55 distal end and becomes positioned at a selected tissue 
site. 

[0026] In another embodiment, each deployed elec- 
trode has at least one radius of curvature in two or more 
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planes. Further, the electrode deployment apparatus 
can include at least one deployed electrode having at 
least radii of curvature, and at least one deployed elec- 
trode with at least one radius of curvature in two or more 
planes. 

[0027] In a further embodiment, the electrode deploy- 
ment apparatus has at least one deployed electrode 
with at least one curved section that is located near the 
distal end of the delivery catheter, and a non-curved sec- 
tion which extends beyond the curved section of the de- 
ployed electrode. The electrode deployment apparatus 
also has at least one deployed electrode with at least 
two radii of curvature. 

[0028] In another embodiment of the invention, each 
deployed electrode has at least one curved section lo- 
cated near the distal end of the delivery catheter, and a 
non-curved section that extends beyond the curved sec- 
tion of the deployed electrode. 
[0029] An electrode template can be positioned at the 
distal end of the delivery catheter. It assists in guiding 
the deployment of the electrodes to a sun'ounding rela- 
tionship at an exterior of a selected mass in a tissue. 
The electrodes can be hollow. An adjustable electrode 
insulator can be positioned in an adjacent, sunrounding 
relationship to all or some of the electrodes. The elec- 
trode Insulator Is adjustable, and capable of being ad- 
vanced and retracted along the electrodes in order to 
define an electrode conductive surface. 
[0030] The electrode deployment apparatus can In- 
clude a cam which advances and retracts the electrodes 
in and out of the delivery catheter's distal end. Optionally 
included in the delivery catheter are one or more guide 
tubes associated with one or more electrodes. The 
guide tubes are positioned at the delivery catheter's dis- 
tal end. 

[0031] Sources of Infusing mediums, including but not 
limited to electrolytic and chemotherapeutic solutions, 
can be associated with the hollow electrodes. Elec- 
trodes can have sharpened, tapered ends in order to 
assist their introduction through tissue, and advance- 
ment to the selected tissue site. 
[0032] The electrode deployment apparatus is remov- 
able from the delivery catheter. An obturator is initially 
positioned within the delivery catheter. It can have a 
sharpened distal end. The delivery catheter can be ad- 
vanced percutaneously to an internal body organ, or 
site, with the obturator positioned in the delivery cathe- 
ter. Once positioned, the obturator is removed, and the 
electrode deployment apparatus is inserted into the de- 
livery catheter. The electrodes are in non-deployed 
states, and preferably compacted or spring-loaded, 
while positioned within the delivery catheter. They are 
made of a material with sufficient strength so that as the 
electrodes emerge from the delivery catheter's distal 
end they are deployed three dimensionally, in a lateral 
direction away from the periphery of the delivery cathe- 
ter's distal end. The electrodes continue their lateral 
movement until the force applied by the tissue causes 
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the needles to change their direction of travel. 
[0033] Each electrode can now either have, (i) a first 
section with a first radius of curvature, and a second sec- 
tion, extending beyond the first section, having a second 

s radius of curvature or a substantially linear section, (11) 
two radii of curvature, (Ni) one radius of curvature in two 
or more planes, or (iv) a combination of two radii of cur- 
vature with one of them in two or more planes. Addition- 
ally, the electrode deployment apparatus can include 

10 one or more of these deployed geometries for the dif- 
ferent electrodes in the plurality. It Is not necessary that 
every electrode have the same deployed geometry. 
[0034] After the electrodes are positioned around a 
mass, such as a tumor, a variety of solutions, including 

'5 but not limited to electrolytic fluids, can be introduced 
through the electrodes to the mass in a pre-abiation 
step. RF energy is applied, and the mass is desiccated. 
In a post-ablation procedure, a chemotherapeutic agent 
can then be introduced to the site, and the electrodes 

20 are then retracted back into the introducing catheter. 
The entire ablative apparatus can be removed, or addi- 
tional ablative treatments be conducted. 
[0035] Particular embodiments of the Invention are 
described hereinafter, by way of example only, with ref- 

25 erence to the accompanying drawings, in which: 

Figure 1 is a perspective view of an embodiment of 
a tissue ablation apparatus according to the inven- 
tion, including a delivery catheter, handle, and de- 
30 ployed electrodes. 

Figure 2 is a cross-sectional view of the tissue ab- 
lation apparatus of Figure 1 . 
Figure 3 is a perspective view of an example of an 
electrode of an embodiment of the invention with 
35 two radii of curvature. 

Figure 4 is a perspective view of an electrode with 
one radius of curvature in three planes. 
Figure is a perspective view of an electrode with one 
curved section, positioned close to the distal end of 
40 the delivery catheter, and a linear section. 

Figure 6 is a perspective view of an electrode with 
one curved section, positioned close to the distal 
end of the delivery catheter, a generally first linear 
section, and then a second linear section that con- 
^ tinues laterally with regard to the first linear section. 
Figure 7 is a cross-section view of an example of a 
delivery catheter of an embodiment of the invention, 
with guide tubes positioned at the distal end of the 
delivery catheter. 
so Figure 8 Is a cross-sectional view of an example of 
an electrode. 

Figure 9 is a perspective view of the tissue ablation 
apparatus of Figure 1 , with the delivery catheter be- 
ing introduced percutaneously through the body 
S5 and positioned at the exterior, or slightly piercing, a 
liver with a tumor to be ablated. 
Figure 1 0 is a perspective view of the tissue ablation 
apparatus of Figure 1 with an obturator positioned 
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in the delivery catheter. 

Figure 11 is a perspective view of the tissue ablation 
apparatus of Figure 10, positioned in the body ad- 
jacent to the liver, with the obturator removed. 
Figure 1 2 is a perspective view of the tissue ablation s 
apparatus of Figure 1 0, positioned in the body ad- 
jacent to the liver, and the electrode deployment ap- 
paratus, with an electrode template, is positioned in 
the delivery catheter in place of the obturator. 
Figure 13 is a perspective view of an embodiment 
of an ablation apparatus of the invention, with de- 
ployed electrodes surrounding a tumor and defining 
an ablation volume. 

Figure 1 4 is a perspective view of the tissue ablation 
apparatus of Figure 10, positioned in the body ad- 
jacent to the liver, with deployed electrodes sur- 
rounding a tumor and infusing a solution to the tu- 
mor site during a pre-ablatlon procedure. 
Figure 1 5 is a perspective view of the tissue ablation 
apparatus of Figure 1 0, illustrating application of RF 
energy to the tumor. 

Figure 16 Is a perspective view of an embodiment 
of a tissue ablation apparatus of the Invention, illus- 
trating the electro-desiccation of the tumor. 
Figure 17 is a perspective view of an embodiment 
of a tissue ablation apparatus of the invention, Illus- 
trating the instillation of solutions to the tumor site 
during a post-ablation procedure. 
Figure 18 illustrates bipolar ablation between elec- 
trodes of an embodiment of the invention. 
Figure 19 Illustrates monopolar ablation between 
electrodes of an embodiment of the invention. 
Figure 20 is a perspective view of an example of an 
ablation system of the invention, Including RF and 
ultrasound modules, and a monitor. 
Figure 21 is a block diagram of an example of an 
ablation system of the Invention. 

[0036] An embodiment of a tissue ablation apparatus 
10 according to the invention is illustrated in Figure 1. 
Ablation apparatus 10 Includes a delivery catheter 12, 
well known to those skilled in the art, with a proximal 
end 14 and a distal end 16. Delivery catheter 1 2 can be 
of the size of about 5 to 1 6 F. A handle 1 8 is removably 
attached to proximal end 14. An electrode deployment 
device is at leastpartlally positioned within delivery cath- 
eter 12, and includes a plurality of electrodes 20 that are 
retractable in and out of distal end 1 6. Electrodes 20 can 
be of different sizes, shapes and configurations, 
in one embodiment, they are needle electrodes, with 
sizes in the range of 27 to 14 gauge. Electrodes 20 are 
in non-deployed positions while retained in delivery 
catheter. In the non-deployed positions, electrodes 20 
may be in a compacted state, spring loaded, generally 
confined or substantially straight if made of a suitable 
memory metal such as nitinol. As electrodes 20 are ad- 
vanced out of distal end 1 6 they become distended in a 
deployed state, which defines an ablative volume, from 



which tissue is ablated as illustrated more fully In Figure 
2. Electrodes 20 operate either in the bipolar or monop- 
olar modes. When the electrodes are used in the bipolar 
mode, the ablative volume Is substantially defined by the 
peripheries of the plurality of electrodes 20. In one em- 
bodiment, the cross-sectional width of the ablative vol- 
ume is about 4 cm. However, it will be appreciated that 
different ablative volumes can be achieved with tissue 
ablation apparatus 10. 

[0037] The ablative volume is first detennined to de- 
fine a mass, such as a tumor, to be ablated. Electrodes 
20 are placed in a sun^ounding relationship to a mass or 
tumor In a predetemnlned pattern for volumetric ablation. 
An imaging system is used to first define the volume of 
the tumor or selected mass. Suitable imaging systems 
include but are not limited to, ultrasound, computerized 
tomography (CT) scanning. X-ray film. X-ray fluorosco- 
py, magnetic resonance Imaging, electromagnetic im- 
aging, and the like. The use of such devices to define a 
volume of a tissue mass or a tumor is well known to 
those skilled in the art. 

[0038] With regard to the use of ultrasound, an ultra- 
sound transducer transmits ultrasound energy into a re- 
gion of interest In a patient's body. The ultrasound en- 
ergy is reflected by different organs and different tissue 
types. Reflected energy is sensed by the transducer, 
and the resulting electrical signal is processed to pro- 
vide an image of the region of interest in this way. the 
ablation volume is then ascertained, and the appropriate 
electrode deployment device is inserted Into delivery 
catheter 12. 

[0039] The ablative volume is substantially defined 
before ablation apparatus 1 0 is introduced to an ablative 
treatment position. This assists In the appropriate posi- 
tioning of ablation apparatus 1 0. In this manner, the vol- 
ume of ablated tissue is reduced and substantially lim- 
ited to a defined mass or tumor, including a certain area 
surrounding such a tumor, that is well controlled and de- 
fined. A smalt area around the tumor is ablated In order 
to ensure that all of the tumor is ablated. 
[0040] With reference again to Figure 2, electrode 
sections 20(a) are in deployed states when they are in- 
troduced out of distal end 16. Although electrodes 20 
are generally in a non-distended configuration in the 
non-deployed state while positioned In delivery catheter 
12, they can also be distended. Generally, electrode 
sections 20(b) are in retained positions while they are 
non-deployed. This is achieved by a variety of methods 
including but not limited to, (i) the electrodes are pre- 
sprung, confined In delivery catheter 12, and only be- 
come sprung (expanded) as they are released from de- 
livery catheter 1 2, (ii) the electrodes are made of a mem- 
ory metal, as explained in further detail below, (iii) the 
electrodes are made of a selectable electrode material 
which gives them an expanded shape outside of deliv- 
ery catheter 12, or (iv) delivery catheter 12 includes 
guide tubes which serve to confine electrodes 12 within 
delivery catheter 12 and guide their direction of travel 
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outside of the catheter to form the desired, expanded 
ablation voiume. As shown In Figure 2, electrodes 20 
are pre-sprung while retained in delivery catheter 12. 
This Is the non-deployed position. As they are advanced 
out of delivery catheter 1 2 and into tissue, electrodes 20 5 
become deployed and begin to "fan" out from distal end 
1 6, moving in a lateral direction relative to a longitudinal 
axis of delivery catheter 12. As deployed electrodes 20 
continue their advancement, the area of the fan increas- 
es and extends beyond the diameter of distal end 16. 
[0041 ] Significantly, each electrode 20 is distended in 
a deployed position, and collectively, the deployed elec- 
trodes 20 define a volume of tissue that will be ablated. 
As previously mentioned, when it is desired to ablate a 
tumor, either benign or malignant, it is preferable to ab- 
late an area that is slightly in excess to that defined by 
the exterior surface of the tumor. This improves the 
chances that all of the tumor is eradicated. 
[0042] Deployed electrodes 20 can have a variety of 
different deployed geometries including but not limited 
to, (i) a first section with a first radius of curvature, and 
a second section, extending beyond the first section, 
having a second radius of curvature or a substantially 
linear geometry, (ii) at least two radii of curvature, (iii) at 
least one radius of curvature in two or more planes, (iv) 
a curved section, with an elbow, that is located near dis- 
tal end 1 6 of delivery catheter, and a non-curved section 
that extends beyond the curved section, or (v) a curved 
section near distal end 16, a first linear section, and then 
another curved section or a second linear section that 
is angled with regard to the first linear section. Deployed 
electrodes 20 need not be parallel with respect to each 
other. The plurality of deployed electrodes 20, which de- 
fine a portion of the needle electrode deployment de- 
vice, can all have the same deployed geometries, i.e., 
all with at least two radii of cun/ature, or a variety of ge- 
ometries, i.e., one with two radii of curvature, a second 
one with one radius of curvature in two planes, and the 
rest a curved section near distal end 1 6 of delivery cath- 
eter 12 and a non-curved section beyond the curved 
section. 

[0043] A cam 22, or other actuating device, can be 
positioned within delivery catheter and used to advance 
and retract electrodes 20 in and out of delivery catheter 
12. The actual movement of cam can be controlled at 
handle 18. Suitable cams are of conventional design, 
well known to those skilled in the art. 
[0044] The different geometric configurations of elec- 
trodes 20 are illustrated in Figures 3 through 6. In Figure 
3, electrode 20 has a first radius of curvature 20(c) and 
a second radius of curvature 20(d). It can include more 
than two radii of curvature. As shown in Figure 4, elec- 
trode 20 has at least one radius of curvature which ex- 
tends to three planes. In Figure 5, each electrode has a 
first curved section 20(e) whtoh Is near distal end 16 of 
delivery catheter 12. A first generally linear section 20 
(f) extends beyond curved section 20(e), and the two 
meet at an elbow 20(g). The electrodes 20 can serve as 



anodes and cathodes. The plurality of electrodes 20 can 
have linear sections 20(f) that are generally parallel to 
each other, or they can be non-parallel. Figure 6 illus- 
trates an electrode 20 that includes a first curved section 
20(e) positioned near distal end 1 6 of delivery catheter 
12, a first linear section 20(f), and a second linear sec- 
tion 20(h) which extends beyond first linear section 20 
(f). Section 20(h) can be linear, curved, or a combination 
of the two. The plurality of electrodes 20 illustrated in 
Figure 6 can have parallel or non-parallel first linear sec- 
tions 20(f). 

[0045] In oneembodimentof thelnventlon, electrodes 
20 are spring-loaded, and compacted in their non-de- 
ployed positions. As electrodes 20 are advanced out of 
distal end 16 of delivery catheter 12, they become de- 
ployed and fan out. Electrodes 20 continue this fanning 
out direction until the resistance of the tissue overcomes 
the strength of the material fonming electrode 20. This 
causes electrode 20 to bend and move in a direction 
inward relative to its initial outward fanning direction. 
The bending creates curved sections 20(c) and 20(d) of 
Figure 3, and can also result in thefomiation of the other 
electrode 20 geometries of Figures 4, 5 and 6. The ex- 
tent of electrode 20 fan like travel is dependent on the 
strength of the material from which It is made. Suitable 
electrode materials include stainless steel, platinum, 
gold, silver, copper and other electromagnetic conduct- 
ing materials including conductive polymers. Preferably, 
electrode 20 Is made of stainless steel or nickel titanium 
and has dimensions of about 27 to 14 gauge. 
[0046] In one embodiment, electrode 20 is made of a 
memory metal, such as nickel titanium, commercially 
available from Raychem Corporation, Menio Parte, Cal- 
ifornia. Additionally, a resistive heating element can be 
positioned in an interior lumen of electrode 20. Resistive 
heating element can be made of a suitable metal that 
transfers heat to electrode 20, causing deployed elec- 
trode 20 to become deflected when the temperature of 
electrode 20 reaches a level that causes the electrode 
material, such as a memory metal, to deflect, as is well 
known in the art. Not all of electrode 20 need be made 
of a memory metal. It is possible that only that distal end 
portion of electrode 20, which Is Introduced Into tissue, 
be made of the memory metal in order to effect the de- 
sired deployed geometrical configuration. Additionally, 
mechanical devices, including but not limited to steering 
wires, can be attached to the distal end of electrode 20 
to cause it to become directed, deflected and move 
about in a desired direction about the tissue, until it 
reaches its final resting position to ablate a tissue mass. 
[0047] Optionally included in the delivery catheter are 
one or more guide tubes 24, Figure 7, which serve to 
direct the expansion of electrodes 20 in the fan pattern 
as they are advanced out of distal end 1 6 of the delivery 
catheter 12. Guide tubes 24 can be made of stainless 
steel, spring steel and themnal plastics Including but not 
limited to nylon and polyesters, and are of sufficient size 
and length to accommodate the electrodes to a specific 
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site in the body. 
[0048] Figure 8 litustrates one embodiment of elec- 
trode 20 with a sharpened distal end 24. By Including a 
tapered, or piercing end 24, the advancement of elec- 
trode 20 through tissue is easier. Electrode 20 can be s 
segmented, and include a plurality of fluid distribution 
ports 26, which can be evenly fomied around all or only 
a portion of electrode 20. Fluid distribution ports 26 are 
formed in electrode 20 when it is hollow and pemriit the 
introduction and flow of a variety of fluidic mediums 
through electrode 20 to a desired tissue site. Such f lu idle 
mediums include, but are not limited to, electrolytic so- 
lutions, pastes or gels, as well as chemotherapeutic 
agents. Examples of suitable conductive gels are car- 
boxymethylcellulose gels made from aqueous electro- 
lyte solutions such as physiological saline solutions, and 
the Wke. 

[0049] The size of fluid distribution ports 26 can vary, 
depending on the size and shape of electrode 20. Also 
associated with electrode 20 is an adjustable insulator 
sleeve 28 that is slidable along an exterior surface of 
electrode 20. Insulator sleeve 28 is advanced and re- 
tracted along electrode 20 In order to define the size of 
a conductive surface of electrode 20. Insulator sleeve 
28 is actuated at handle 1 8 by the physician, and its po- 
sition along electrode 20 is controlled. When electrode 
20 moves out of delivery catheter 12 and into tissue, in- 
sulator sleeve 28 can be positioned around electrode 
20 as It moves its way through the tissue. Alternatively, 
insulator sleeve 28 can be advanced along a desired 
length of electrode 20 after electrode 20 has been po- 
sitioned around a targeted mass to be ablated. Insulator 
sleeve is thus capable of advancing through tissue 
along with electrode 20, or it can move through tissue 
without electrode 20 providing the source of movement. 
Thus, the desired ablation volume is defined by de- 
ployed electrodes 20, as well as the positioning of insu- 
lator sleeve 28 on each electrode. In this manner, a very 
precise ablation volume is created. Suitable materials 
that fomn Insulator sleeve include but are not limited to 
nylon, polyimides, other themnoplastics, and the like. 
[0050] Figure 9 illustrates a percutaneous application 
of tissue ablation apparatus 10. Tissue ablation appa-. 
ratus 10 can be used percutaneously to introduce elec- 
trodes 20 to the selected tissue mass or tumor. Elec- 
trodes 20 can remain in their non-deployed positions 
while being introduced percutaneously into the body, 
and delivered to a selected organ which contains the 
selected mass to be ablated. Delivery catheter 12 is re- 
movable from handle 1 8. When it is removed, electrode 
deployment device (the plurality of electrodes 20) can 
be inserted and removed from delivery catheter 12. An 
obturator 30 is inserted into delivery catheter 12 initially 
if a percutaneous procedure is to be performed. As 
shown in Figure 1 0, obturator 30 can have a sharpened 
distal end 32 that pierces tissue and assists the intro- 
duction of delivery catheter 1 2 to a selected tissue site. 
The selected tissue site can be a body organ with a tu- 
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mor or other mass, or the actual tumor itself. 
[0051] . Obturator 30 is then removed from delivery 
catheter 12 (Figure 11). Electrode deployment device is 
then inserted into delivery catheter 1 2, and the catheter 
is then reattached to handle 18 (Figure 12). As illustrat- 
ed in Figure 12, electrode deployment device can op- 
tionally include an electrode template 34 to guide the 
deployment of electrodes 20 to a surrounding relation- 
ship at an exterior of a selected mass in the tissue. 
[0052] Electrodes 20 are then advanced out of distal 
end 1 6 of delivery catheter 12, and become deployed to 
form a desired ablative volume which surrounds the 
mass. In Figure 13, delivery catheter 12 is positioned 
adjacent to the liver. Electrode deployment device Is in- 
troduced into delivery catheter 12 with electrode tem- 
plate 34. Electrode deployment device now pierces the 
liver, and cam 22 advances electrodes 20 out of delivery 
catheter 12 into deployed positions. Each individual 
electrode 20 pierces the liver and travels through it until 
it is positioned in a surrounding relationsh ip to the tumor. 
The ablative volume is selectable, and detennined first 
by imaging the area to be ablated. The ablative volume 
is defined by the peripheries of all of the deployed elec- 
trodes 20 that surround the exterior of the tumor. Once 
the volume of ablation is determined, then an electrode 
set Is selected which will become deployed to define the 
ablation volume. A variety of different factors are impor- 
tant in creating an ablation volume. Primarily, different 
electrodes 20 will have various degrees of deployment, 
based on type of electrode material, the level of p re- 
springing of the electrodes and the geometric configu- 
ration of the electrodes in their deployed states. Tissue 
ablation apparatus 10 pemnits different electrode 20 
sets to be inserted into delivery catheter 12, in order to 
define a variety of ablation volumes. 
[0053] Prior to ablation of the tumor, a pre-ablation 
step can be performed. A variety of different solutions. 
Including electrolytic solutions such as saline, can be 
introduced to the tumor site, as shown in Figure 14. Fig- 
ure 15 Illustrates the application of RF energy to the tu- 
mor Electrode insulator 28 is positioned on portions of 
electrodes 20 where there will be no ablation. This fur- 
ther defines the ablation volume. The actual electro- 
desiccation of the tumor, or other targeted masses or 
tissues, is shown in Figure 16. Again, deployed elec- 
trodes 20, with their electrode insulators 28 positioned 
along sections of the electrodes, define the ablation vol- 
ume, and the resulting amount of mass that is desiccat- 
ed. 

[0054] Optionallyfollowing desiccation, electrodes20 
can introduce a variety of solutions in a post-ablation 
process. This step is illustrated in Figure 17. Suitable 
solutions include but are not limited to chemotherapeu- 
tic agents. 

[0055] Figure 1 8 illustrates tissue ablation apparatus 
10 operated in a bipolar mode. Its monopolar operation 
is shown in Figure 1 9. Each of the plurality of electrodes 
20 can play different roles in the ablation process. There 
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can be polarity shifting between the different electrodes. 
[0056] A tissue ablation system 36, which can be 
modular. Is shown In Figure 20 and can include a display 
38. Tissue ablation system 36 includes the RF energy 
source, and can also include microwave source, ultra- 
sound source, visualization devices such as cameras 
and VCR's» electrolytic and chemotherapeutic solution 
sources, and a controller which can be used to monitor 
temperature or impedance. One of the deployed elec- 
trodes 20 can be a microwave antenna coupled to a mi- 
crowave source. This electrode can initially be coupled 
to RF power source 42 and Is then switched to the mi- 
crowave source 

[0057] Referring now to Figure 21 , a power supply 40 
delivers energy into RF power generator (source) 42 
and then to electrodes 20 of tissue ablation apparatus 
1 0. A multiplexer 46 measures current, voltage and tem- 
perature (at numerous temperature sensors which can 
be positioned on electrodes 20). Multiplexer 46 is driven 
by a controller 48, which can be a digital or analog con- 
troller, or a computer with software. When controller 48 
is a computer, it can include a CPU coupled through a 
system bus. This system can include a keyboard, disk 
drive, or other non-volatile memory systems, a display, 
and other peripherals, as known in the art. Also coupled 
to the bus are a program memory and a data memory. 
[0058] An operator Interface 50 Includes operator 
controls 52 and display 38. Controller 48 Is coupled to 
imaging systems, Including ultrasound transducers, 
temperature sensors, and viewing optics and optical fib- 
ers, if included. 

[0059] Cun-ent and voltage are used to calculate im- 
pedance. Diagnostics are done through ultrasound, CT 
scanning, or other methods known in the art. Imaging 
can be performed before, during and after treatment. 
[0060] Temperature sensors measure voltage and 
current that Is delivered. The output of these sensors is 
used by controller 48 to control the delivery of RF power. 
Controller 48 can also control temperature and power. 
The amount of RF energy delivered controls the amount 
of power, A profile of power delivered can be incorpo- 
rated in controller 38, as well as a pre-set amount of 
energy to be delivered can also be profiled. 
[0061] Feedback can be the measurement of imped- 
ance or temperature, and occurs either at controller 48 
or at electromagnetic energy source 42, e.g., RF or mi- 
crowave, if it incorporates a controller. For impedance 
measurement, this can be achieved by supplying a 
small amount of non-ablatlon RF energy. Voltage and 
current are then measured. 

[0062] Circuitry, software and feedback to controller 
48 result in process control and are used to change, (i) 
power, including RF, ultrasound, and the like, (ii) the duty 
cycle (on-off and wattage), (iii) monopolar or bipolar en- 
ergy delivery, (iv) chemotherapeutic and electrolytic so- 
lution delivery, flow rate and pressure and (v) determine 
when ablation is completed through time, temperature 
and/or impedance. These process variables can be con- 



trolled and varied based on temperature monitored at 
multiple sites, and impedance to current flow that is 
monitored. Indicating changes In current carrying capa- 
bility of the tissue during the ablative process. 
5 [0063] There has been described embodiments of RF 
tumor treatment apparatus that are useful for minimally 
invasive procedures. Embodiments have been illustrat- 
ed where the exterior of the tumor is sun-ounded with 
treatment electrodes, defining a controlled ablation vol- 
10 ume, and subsequently the electrodes deliver a control- 
led amount of RF energy. Embodiments have been il- 
lustrated with infusion capabilities during a pre-ablation 
step, and after ablation the surrounding tissue can be 
preconditioned with electromagnetic ("EM") energy at 
^5 hyperthemrila temperatures less than 45 degrees. This 
would provide for the synergistic affects of chemother- 
apy and the instillation of a variety of fluids at the tumor 
site after local ablation and hyperthermia. 
[0064] The foregoing description of preferred embod- 
20 iments of the present invention has been provided for 
the purposes of illustration and description. It is not in- 
tended to be exhaustive or to limit the invention to the 
precise fomis disclosed. Obviously, many modifications 
and variations will be apparent to practitioners skilled in 
25 this art. The embodiments were chosen and described 
in order to best explain the principles of the invention 
and its practical application, thereby enabling others 
skilled in the art to understand the invention for various 
embodiments and with various modifications as are suit- 
so ed to the particular use contemplated. 



Claims 

35 1. An ablation apparatus comprising an elongate de- 
livery device (12) including a lumen and an energy 
delivery device, the energy delivery device includ- 
ing: 

40 a plurality of RF electrode (20), each with a tis- 

sue piercing distal portion; and 
an RF electrode advancement member (22) 
posrtionabte within the lumen and coupled to 
the RF electrodes, the RF electrode advance- 
rs ment member being configured to advance the 
RF electrodes through tissue; 
the RF electrodes being positioned in the elon- 
gate delivery device in a retracted state and be- 
ing operable to deploy from the distalmost end 
so of the elongate delivery device with curvature 
when advanced from the distalmost end of the 
elongate delivery device to a deployed state, 
and whore the deployed electrodes are opera- 
ble to create a defined ablation volume sur- 
S5 rounding a tissue mass located distal of the dis- 
tal end of the delivery device. 

2. The apparatus of claim 1 , wherein at least one of 
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the plurality of the RF electrodes has an insulator 
positioned in a surrounding relationship to at least 
a portion of that electrode. 

3. The apparatus of claim 2, wheretrl the insulator is 
slldably positionable on the electrode to produce a 
selectable energy delivery surface. 

4. The apparatus of any preceding claim, further com- 
prising a themnal sensor coupled to at least one of 
said RF electrodes. 

5. The apparatus of any preceding claim, wherein the 
apparatus Is configured to be operable in a bl-polar 

mode. 

6^ The apparatus of Claim 5, wherein at least one of 
the plurality of RF electrodes is configured as a pos- 
itive electrode. 

7. The apparatus of any one of claims 1 to 4, wherein 
the apparatus is configured to be operable In a mo- 
no-polar mode. 

8. The apparatus of any preceding claim, further com- 
prising a removable obturator (30) having a distal 
end (32) sufficiently sharp to penetrate tissue. 

9. The apparatus of Claim 8, wherein the obturator Is 
positionable in the lumen of the elongate delivery 
device. 

10. The apparatus of any preceding claim, wherein at 
least one of the RF electrodes Is fomied of a shaped 
memory alloy. 

11. The apparatus of any preceding claim, wherein at 
least one of the RF electrodes Is formed of stainless 
steel. 

12. The apparatus of any preceding claim, further com- 
prising a themial sensor coupled to the elongate de- 
livery device. 

13. The apparatus of any preceding claims, further 
comprising an RF source coupled to the plurality of 
RF electrodes for providing RF energy to the RF 
electrodes. 

14. The apparatus of Claim 13, further comprising con- 
trol means (46,48) operatively connected to the RF 
electrodes and the RF source to control application 
of RF cun-ent to the electrodes. 

15. The apparatus of Claim 14, wherein the control 
means is a feedback control operatively coupled to 
a thennal sensor on any one of the RF electrodes, 
and the RF source. 



16. The apparatus of Claim 15, wherein the feedback 
control adjusts the RF energy delivered to the RF 
electrodes from the RF source. 

s 17. The apparatus of Claim 14, wherein the control 
means Is a feedback control that adjusts the RF en- 
ergy delivered to the RF electrodes from the RF 
source In response to impedance measured at one 
or more of said RF electrodes. 

10 

18. The apparatus of any preceding claim, further com- 
prising control means (46,48) coupled to the energy 
delivery device for controlling process variables. 

15 19. The apparatus of Claim 18, wherein the process 
variables are at least one of: a power level, a duty 
cycle; or an energy delivery. 

20. The apparatus of Claim 1 8 or Claim 1 9, wherein the 
20 control means includes at least one of a digital con- 
trol ler, an analog controller and a programmed com- 
puter. 

21. The apparatus of any preceding claim, further com- 
25 prising an infusion source for supplying an infusion 

medium, where each of the electrodes are hollow 
and provide a plurality of fluid distribution ports 
through which fluid can be Infused. 

30 22. The apparatus of claim 21 , further comprising con- 
trol means (46,48) coupled to the energy delivery 
device for controlling process variables, wherein 
the process variables are at least one of: a fluid de- 
livery flow rate or a fluid pressure. 

35 . 

PatentansprUche 

1. Abiationsvon^ichtung, die eine l&ngiiche Zufuh- 
40 rungseinrichtung (12) einschlieBlich eines Lumens 
und eine Energiezufuhrungseinrichtung aufweist, 
wobel die Energiezufuhrungseinrichtung beinhal- 
tet: 



^ eine Mehrzahl von Hochfrequenzelektroden 

(20), die Jewells einen Gewebe durchdringen- 
den distalen Abschnitt haben, und 
ein Glied (22) fur das Vorrucken der Hochfre- 
quenzelektroden, das innerhalb des Lumens 

50 positloniertjar ist und mit den Hochfrequenz- 

elektroden verisunden ist, wobel das Glied zum 
Vorrucken der Hochfrequenzelektroden derart 
konflguriert ist, da3 es die Hochfrequenzelek- 
troden durch das Gewebe vorruckt, 

55 

wobel die Hochfrequenzelektroden in einem 
zuruckgezogenen Zustand in der langlichen Zufuh- 
rungselnrichtung posttloniert slnd und derart be- 
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treibbar sind, da3 sie sich von dem distalsten Ende 
der langlichen Zufuhrungsvorrichtung mit einer 
KrOmmung entfalten, wenn sie von dem distalsten 
Ende der langlichen Zufuhmngselnrichtung zu ei- 
nem entfalteten Zustand vorgeruckt wenden, und 5 
wobei die entfatteten Elektroden derart betreibbar 
sind, da3 sie ein deflniertes Ablationsvotumen er- 
zeugen, das eine Gewebemasse umglbt, die fern 
von dem distalen Ende der Zufuhrungseinrichtung 
lol<aIisiert ist. io 

2. Vorrlchtung nach Anspruch 1 , wobei zumindest ei- 
ne der Melirzahl der Hochf requenzelektroden einen 

Isolator hat, der in einer Umgebungsbeziehung zu 
zumindest einem Teil dieser Etektrode positloniert 
ist. 

3. Vorrlchtung nach Anspruch 2, wobei der Isolator 
verschlebbar auf der Eiektrode positionierbar Ist, 

um eine auswahlbare Energiezufuhrungsoberfia- 20 
che zu erzeugen. 

4. 



5. Vorrlchtung nach einem der vortierigen AnsprOche, 
wobei die Vonrichtung derart iconf Iguriert ist, da3 sie 

In einem bipoiaren Modus betreibbar ist. so 

6. Vorrlchtung nach Anspruch 5, wobei zumindest ei- 
ne der Mehrzahl von Hochfrequenzeiektroden als 
eine positive Eiektrode konflguriert ist. 

35 

7. Vorrlchtung nach einem der Anspruche 1 bis 4, wo- 
bei die Von-ichtung derart konflguriert ist, daB sie in 
einem monopotaren Modus betreibbar Ist. 

8. Vorrlchtung nach einem der vorherigen Anspruche, 40 
die weiterhin ein entfembares Absperrorgan (30) 

' mit einem distalen Ende (32) aufweist, das ausrel- 
chend scharf ist, um Gewebe zu durchdringen. 

9. Vorrlchtung nach Anspruch 8, wobei das Absper- ^ 
rorgan in dem Lumen der langlichen Zufuhrungs- 
einrichtung positionierbar ist. 

10. Vorrlchtung nach einem der vorherigen Anspruche, 
wobei zumindest eine der RF-Eiektroden aus einer so 
Fomfigedachtnislegierung geblldet ist. 

1 1 . Vorrlchtung nach einem der vorherigen Anspruche, 
wobei zumindest eine der Hochfrequenzeiektroden 
aus nicht rostendem Stahi geblldet ist. 55 

12. Vorrlchtung nach einem der vorherigen Anspruche, 
die weiterfiin einen thermischen Sensor aufweist. 



der mit der langlichen Zufuhrungseinrichtung ver- 
bunden Ist. 

13. Vorrichtung nach einem der vorherigen Anspruche, 
die weiterhin eine Hochfrequenzquelle aufweist, die 
mit der Mehrzahl von Hochfrequenzeiektroden ge- 
koppelt ist, fur das zur Verfugung stellen von Hoch- 
frequenzenergie zu den Hochfrequenzeiektroden. 

14. Vorrichtung nach Anspruch 13, die weiterhin eine 
Steuereinrichtung (46, 48) aufweist, die in Wirkver- 
blndung mit den Hochfrequenzeiektroden und der 
Hochfrequenzquelle stehen, um das Aniegen von 
hochfrequentem Strom an die Elektroden zu steu- 
em. 

15. Vorrichtung nach Anspaich 14, wobei die Steuer- 
einrichtung eine Ruckkopplungssteuerung ist, die 
in WirtcvertDindung mit einem thennischen Sensor 
auf jeder der Hochfrequenzeiektroden und der 
Hochfrequenzquelle steht. 



17. Vorrichtung nach Anspruch 14, wobei die Steuer- 
einrichtung eine Ruckkopplungssteuerung ist, die 
die Hochfrequenzenergle einstellt, die zu den 
Hochfrequenzeiektroden von der Hochfrequenz- 
quelle gellefert wird in Antwort auf eine impedanz, 
die an einer Oder mehreren der Hochfrequenzeiek- 
troden gemessen wird. 

18. Vorrichtung nach einem der vorherigen Anspruche, 
die weiterhin eine Steuereinrichtung (46, 48) auf- 
weist, die mit der EnerglezufOhrungseinrichtung 
veribunden ist, fur das Steuern von ProzeBvaria- 
blen. 

19. Vorrichtung nach Anspruch 18, wobei die 
ProzeBvariablen zumindest eine derfolgenden Va- 

. riablen sind: Leistungsniveau, Ariseitszyklus oder 
Energiezufuhrung. 

20. Vorrichtung nach Anspruch 18 oder Anspruch 19, 
wobei die Steuereinrichtung zumindest eines der 
folgenden Elements aufweist: digitaler Controller, 
analoger Controller und programmierter Computer 

21. Vorrichtung nach einem der vorherigen Anspruche, 
die weiterhin eine tnfuslonsquelle aufweist fiir das 
Zufuhren eines Infuslonsmediums, wobei jede der 
Elektroden hohl ist und eine Mehrzahl von Fluldver- 
teilungsanschlussen zur Verfugung stelit, durch die 
Fluid infundiert werden kann. 



Vonrichtung nach einem der vorherigen Anspruche, 
die weiterhin einen thermischen Sensor aufweist, 
der mit zumindest einer der Hochfrequenzeiektro- 25 
den veridunden ist. 



16. Vorrichtung nach Anspruch 15, wobei die Ruck- 
kopplungssteuerung die Hochfrequenzenergle ein- 
stellt, die von der Hochfrequenzquelle zu den Hoch- 
frequenzeiektroden gellefert wird. 
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22. Vorrlchtung nach Anspruch 21, die weiterhln eine 
Steuereinrichtung (46, 48) aufweist, die mit der En- 
ergiezufQhrungseinrichtung verbunden ist, fQr das 
Steuern von ProzeBvariablen, wobei die ProzeBva- 
riablen zumindestdie FluidzufuhrungsfluBrate Oder 
einen Fluiddruck beinhalten. 



la forme d'une Electrode positive. 

7. Appareli selon I'une quelconque des revendications 

1 a 4, dans (equal I'appareil est configure de fagon 
d pouvoir §tre mis en oeuvre dans un mode unipo- 
laire. 



Revendications 

1 . Appareli d'ablation comportant un dispositif allong6 
(12) de distribution comprenant une Iumi6re et un 
dispositif de distribution d'Snergie, le disposltif de 
distribution d'6nergie comprenant : 

plusieurs Electrodes RF (20), ayant chacune 
une partie distale de pergage de tissus ; et 
un Element (22) d'avance d'^iectrodes RF pou- 
vant 6tre positlonnE §i TintErieur de la lumidre 
et coupl6 aux Electrodes RF, l'6l6ment d'avan- 
ce d'Electrodes RF Etant configure de fagon k 
faire avancer les Electrodes RF k travers des 
tissus ; 

les Electrodes RF Etant positlonnEes dans le 
dispositif allongE de distribution dans un Etat 
rEtractE et pouvant Etre actionnE afin de se dE- 
ployer depuis I'extremitE la plus distale du dis- 
positif ailongE de distribution avec une courbu- 
re lorsqu'elies sent avancEes depuis I'extrEmitE 
la plus distale du dispositif ailongE de distribu- 
tion vers un Etat dEployE, les Electrodes dE- 
ployEes pouvant etre manoeuvrEes de fagon k 
crEer un volume dEfini d'ablation entourant une 
masse de tissu situEe du cdtE distal de i'extrE- 
mitE distale du dispositif de distribution. 

2. Appareli selon la revendication 1, dans lequel au 
moins i'une des Electrodes RF comporte un Isoia- 
teur positionnE de fagon k entourer au moins une 
partie de cette Electrode. 

3. Appareli selon la revendication 2, dans lequel I'iso- 
lateur peut Etre positionnE de fagon coulissante sur 
■'Electrode afin de produire une surface de distribu- 
tion d'Energie pouvant etre sElectionnEe. 

4. Appareli seton I'une quelconque des revendications 
prEcEdentes, comportant en outre un capteur ther- 
mique couplE k au moins i'une desdltes Electrodes 
RR 

5. Appareil selon I'une quelconque des revendications 
prEcEdentes, dans lequel Tappareil estconfigurE de 
fagon k pouvoir etre mis en oeuvre dans un mode 
bipolaire. 

6. Appareil selon la revendication 5, dans lequel au 
moins I'une des Electrodes RF est configurEe sous 



8. Appareli selon I'une quelconque des revendications 
prEcEdentes, comportant en outre un obturateur 

10 amovibte (30) ayant une extrEmitE distale (32) suf- 
fisamment acErEe pour pEnEtrer dans des tissus. 

9. Appareli selon ia revendication 8, dans lequel I'ob- 
turateur peut etre positionnE dans la iumlEre du dis- 

15 positif ailongE de distribution. 

10. Appareil selon I'une quelconque des revendications 
prEcEdentes, dans lequel au moins i'une des Elec- 
trodes RF est fonmEe d'un aliiage k mEmoire de for- 

20 me. 

1 1 . Appareil selon I'une quelconque des revendications 
prEcEdentes, dans lequel au moins I'une des Elec- 
trodes RF est fomriEe d'acier inoxydable. 
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12. Appareil selon I'une quelconque des revendications 
prEcEdentes, comportant en outre un capteur ther- 
mlque couplE au dispositif allongE de distribution. 

13. Appareil selon I'une quelconque des revendications 
prEcEdentes, comportant en outre une source RF 
couplEe k la pluralitE d'Electrodes RF pour fournir 
de I'Energie RF aux Electrodes RR 



35 14. Appareil selon la revendication 13, comportant en 
outre des moyens de commande (46, 48) reliEs 
fonctionnellement aux Electrodes RF et k la source 
RF pour commander I'application d'un courant RF 
aux Electrodes. 

40 

15. Appareil selon la revendication 14, dans lequel les 
moyens de commande comprennent une comman- 
de k rEtroaction couplEe fonctionnellement k un 
capteur themnique sur i'une quelconque des elec- 

45 trodes RF et k la source RR 

16. Appareil selon la revendication 15, dans lequel ia 
commande 6 rEtroaction rEgle I'Energie RFdEIivrEe 
aux Electrodes RF depuis la source RR 
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17. Appareil seton la revendication 14, dans lequel les 
moyens de commande comprennent une comman- 
de k rEtroaction qui rEgle I'Energie RF dElivrEe aux 
Electrodes RF depuis la source RF en rEponse k 
une impEdance mesurEe«& I'une ou plusieurs des- 
dltes Electrodes RR 

1 8. Appareil selon I'une quelconque des revendications 



11 



21 



EP0908156B1 



pr6c6dentes, comportant en outre des moyens de 
commande (46, 48) couples au dispositif de distri- 
bution d'6nergie pour commander des variables de 
processus. 

19. Appareli seion la revendlcation 18, dans lequei les 
variables de processus sont au moins i'un de : un 
niveau de puissance ; un rapport cyclique ; ou une 
distribution d'dnergie. 



10 



20. Appareli selon ia revendication 18 ou la revendlca- 
tion 1 9, dans iequei les moyens de commande com- 
prennent au moins Tun : d'un dispositif de comman- 
de numdrtque, d'un dispositif de commande analo- 
gique et d'un ordinateur programme. is 

21 . Appareli selon I'une quelconque des revendications 
pr6c6dentes, comportant en outre une source de 
perfusion destinde ^ appllquer un milieu de perfu- 
sion, otj chacune des Electrodes est creuse et prE- 20 
sente plusieurs orifices de distribution de fluide k 
travers lesquels un fluide peut &tre perfuse. 

22. Appareli selon la revendication 21 , comportant en 
outre des moyens de commande (46, 48) coupl6s 25 
au dispositif de distribution d'6nergie pourcomman- 
der des variables de processus, ies variables de 
processus 6tant au moins I'un de : un d6blt d'teou- 
lement de distribution de fluide ou une presslon de 
fluide. 30 
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